Five immunoglobulin G preparations, including one 5S F(ab')2 split product, were compared for activity against common bacterial, viral, and protozoan pathogens. Standard assays were used to quantitate antibodies to tetanus, diphtheria, cytomegalovirus, herpes simplex virus types 1 and 2, rubella virus, and Toxoplasma gondii. Opsonization and killing of bacteria were examined by chemiluminescence methods using Streptococcus pneumoniae types 5, 12F, and 14 and Staphylococcus aureus. Antibodies to the viral pathogens and T. gondii were not detectable for the 5S immunoglobulin even at high concentrations (50 mg/ml) but were present in all 7S preparations at immunoglobulin concentrations of 10 mg/ml. Relatively lower activities for tetanus and diphtheria antibody were also seen with the F(ab')2 product. Opsonizing capacity against all pneumococcal serotypes and Staphylococcus aureus was lowest for the 5S product and highest for the commercially available intravenous immunoglobulin product that is purified by using a pH 4.25 formulation. These data do not support potential clinical usefulness of immunoglobulin G split products and suggest wide variations of specific antibody among commercial intravenous immunoglobulin preparations.
There are 4 intravenous immunoglobulin (IVIG) preparations commercially available in the United States, while 15 to 20 additional products are being used in Europe and Japan. These have largely replaced intramuscular immunoglobulin for the maintenance therapy of patients with primary or secondary hypogammaglobulinemia. IVIG is also approved for the management of acute and chronic idiopathic thrombocytopenic purpura. In addition, controlled clinical trials have demonstrated efficacy for the treatment of Kawasaki disease and for the prevention of the following infections: sepsis in preterm neonates, sepsis in infants with acquired immunodeficiency syndrome, and cytomegalovirus (CMV) infection in transplant recipients. Open (uncontrolled) studies have suggested benefit in the treatment of neonatal sepsis, chronic Epstein-Barr virus infection, and a number of autoimmune diseases. These indications have been reviewed recently (13) .
There was no distinct therapeutic advantage for a native IVIG product over a modified preparation in human efficacy trials (12) , although there are theoretic reasons to use formulations which have utilized methodology to preserve the molecular integrity of immunoglobulin G (IgG). There are also theoretic advantages for F(ab'), split products, including a reduced release of inflammatory mediators, decrease in potential immune suppression, short serum half-life, faster tissue penetration, and synergistic effects with antibiotics (11) .
Most important in evaluating potential efficacy for any new IVIG material is first to determine the in vitro biologic effects which are most likely to correlate with clinical protection. Few investigations of this kind have been undertaken (2, 11, 15) . The present study was therefore designed to compare the functional capacities of five IVIG preparations against important microbial pathogens. These products were selected because various methods for purifying and stabilizing them are utilized. One is an investigational 5S * Corresponding author. F(ab'), split immunoglobulin prepared by enzymatic digestion.
MATERIALS AND METHODS
Total IgG levels were determined by the standard method of rate nephelometry by using an automated immunochemical system (Beckman Instruments, Inc., Fullerton, Calif.) as described in detail previously (3) . Specific antibodies to herpes simplex virus types 1 and 2 (HSV-1 and -2), cytomegalovirus, rubella virus, and Toxoplasma gondii were measured by an automatic analyzer (model PR50; Gilford Instrument Laboratories, Inc., Oberlin, Ohio) using commercially available enzyme-linked immunosorbent assay kits (Microbiological Associates Bioproducts, Walkersville, Md.) (16). The anti-human IgG reagent in this assay is directed against the whole IgG molecule. Tetanus and diphtheria antibodies were measured by using a tannic acid hemagglutination microtechnique (4 (50) 0.60 (MP) 1 On the day of each assay, Staphvlococcus aureus and the three S. pneuinonfiae serotypes in volumes of 0.2 ml each were opsonized with 0.2 ml of IVIG-0.05 ml of guinea pig complement for 30 min at 37°C. After incubation, 0.55 ml of GBSS was added to each opsonized bacterial suspension. This 1-ml volume was added to the reaction mixture vial for a final bacteria/PMN ratio of 100:1.
IVIG opsonizing antibodies to bacteria were tested by methods described in detail previously (1) . CL was measured at room temperature in dark-adapted polypropylene scintillation vials, with the photomultiplier tube of a Beckman LS 9000 liquid scintillation spectrophotometer set in the out-of-coincidence mode. The vials contained a total of 5 x 106 PMN in 4 ml of GBSS and were equilibrated in the scintillation counter until a stable background was reached. CL was initiated by adding 1 ml of previously opsonized bacteria (108 to 109) to Pooled normal human sera yielded' peak CL responses at least twice as high. thereby defining positive specific antibody activity. For presentation of the present data, nonspecific opsonization was subtracted from total counts per minute recorded in each assay.
RESULTS
At the expected in vitro concentration of IVIG (2.8 mg/ml) following a 200-mg/kg iifuision, there was great variation in specific antibody among the five preparations (Tables 1 and  2 ; Fig. 1 and 2 ). Most consistent was that the 5S immunoglobu lin showed lower activity than those of all 7S preparations.
Antibodies to viral and protozoan pathogens. Gamimune demonstrated the highest activity in enzyme-linked immunosorbent assays for antibody to CMV, HSV-1, HSV-2, rubella ma-Venin were negative in all assays with IgG concentrations of 2.8 mg/dl. At 10 mg/ml, Sandoglobulin was positive in all five assays. Even at 50 mg/ml, Gamma-Venin remained negative.
Antibodies to tetanus and diphtheria. Assays for antibodies to these two bacterial pathogens were positive with all IVIG preparations at a concentration of 2.8 mg/ml (Table 2) . Sandoglobulin yielded the highest titers at levels above the maximum dilutions performed. The 5S product (GammaVenin) yielded hemagglutination responses at lower dilutions as contrasted with other products.
Bacterial opsonizing antibodies. Comparative results for pneumococcal and staphylococcal opsonizing antibody as measured by CL techniques were consistent in that all 7S preparations yielded high opsonizing activity while the 5S split product was always deficient. Data were similar for all pneumococcal serotypes studied; those for type 12 are presented in Fig. 1 . Results for opsonizing experiments with Staphylococcus aureus are summarized in Fig. 2 . Measurements above 8,000 cpm with this pneumococcal strain and above 10,000 cpm for Staphylococcus aureus are higher than what was defined as nonspecific opsonization, i.e., CL responses with agammaglobulinemic or absorbed serum.
DISCUSSION
Intramuscular immune serum globulin has been used for the prevention and treatment of infectious diseases since the late 1930s (7). Diseases previously treated for which this therapy is no longer recommended include polio, mumps, rubella, and varicella-zoster virus infections. Currently, the intramuscular preparation is used for replacement therapy of patients with antibody deficiency states and for the prevention of hepatitis A, hepatitis B, and measles. Hyperimmune human serum globulin is also available for the prevention of varicella-zoster virus infections, hepatitis B, and rabies.
IVIG was introduced for general clinical use in 1981 and has since been the preferred maintenance therapy for immune deficiency disorders. Intravenous therapy is of course better tolerated by antibody-deficient patients since it avoids the excessive pain accompanying intramuscular injections with large volumes of material. The major limiting factor for routine selection of IVIG is the high cost for these products.
Initially, it was assumed that modified IVIG, i.e., with split IgG or altered Fc portions and absence of the IgG3 subclass, would prevent optimal functional capacity. The first product commercially available, Gamimune, which was reduced and alkylated, was indeed chemically modified in this fashion. However, both in vitro and in vivo examination indicated that such modification did not alter functional capacity. In spite of these findings, this product was replaced by one purified with a pH 4.25 formulation, Gamimune-N, which retained the native IgG molecule. The three other formulations commercially available in the United States are likewise processed to maintain molecular integrity.
At the present time, there are 15 to 20 IVIG preparations under investigation for clinical application. Among these are split immunoglobulin products obtained by enzymatic digestion yielding F(ab')2 or Fab antibodies. The theoretic advantage of split over native immunoglobulin is that when immune complexes are formed, their inability to interact with Fc receptors reduces the potential for release of inflammatory mediators (10) . Thus, systemic reactions from IVIG infusions might be prevented. Another consequence of the inability of split IgG to bind to Fc receptors is avoidance of immunosuppression which may occur with complexes (8) .
It has been reported that F(ab'), molecules are superior to unsplit IgG in the elimination of haptens (9) and are equal in their antibacterial and antiviral effects (6 Other studies have suggested that F(ab'), is equivalent to native IVIG in functional activity (5, 13) . One which examined in vitro opsonic and in vivo protective activity against three enterobacterial strains found that protection by Fab fragments varied among in vivo models (14) ; they concluded that although there is a consistent loss in phagocytosisenhancing activity, this deficiency appears to be of relatively greater importance in eliminating more virulent organisms. Another study also suggested that native immune serum is comparable to the F(ab'), fragment in augmenting the phagocytosis rate of bacteria (2) . In these experiments the Fab/Fc, Fab, and Fc fragments did not enhance neutrophil function. Moreover, mice given fatal intraperitoneal inoculations of bacteria could be protected with either whole IgG or F(ab'),. These investigators concluded that the Fc region of the IgG molecule is not predominantly responsible for opsonization.
Direct evidence has suggested that F(ab')2 fragments can opsonize bacteria since this does not require the Fc portion of the molecule (2). However, the present studies do not support this contention, as CL responses were markedly reduced following opsonization of pneumococci with 5S split IVIG.
Although there were differences among the 7S-IVIG products in individual assays, it is unlikely that such differences would indicate a therapeutic advantage. We and others have been unable to show that exceptionally high in vitro antibody responses for a particular IVIG preparation predict an increase in clinical efficacy (12) . It appears important to demonstrate only that antibody to a particular pathogen is present in consistently measurable concentrations.
